How free access internet resources benefit biodiversity and conservation research: Trinidad and Tobago's endemic plants and their conservation status V e e r l e V a n d e n E y n d e n , M i c h a e l P . O a t h a m and W i n s t o n J o h n s o n Abstract Botanists have been urged to help assess the conservation status of all known plant species. For resourcepoor and biodiversity-rich countries such assessments are scarce because of a lack of, and access to, information. However, the wide range of biodiversity and geographical resources that are now freely available on the internet, together with local herbarium data, can provide sufficient information to assess the conservation status of plants. Such resources were used to review the vascular plant species endemic to Trinidad and Tobago and to assess their conservation status. Fifty-nine species were found to be endemic, much lower than previously stated. Using the IUCN Red List criteria 18 endemic species were assessed as Critically Endangered, 16 as Endangered, 15 as Vulnerable, three as Near Threatened, and three as Data Deficient (i.e. insufficient data are available to assess their conservation status). Although such rapid assessments cannot replace in depth research, they provide essential baseline information to target research and conservation priorities and identify specific conservation actions.
Introduction

I
n 2002 the Global Strategy for Plant Conservation called for a preliminary assessment of the conservation status of all known plant species by 2010 as one of its 16 targets (Convention on Biological Diversity, 1993). To date the conservation status of , 5% of the world's plant species has been assessed (Krupnick & Kress, 2006) . Plant taxonomists and herbaria have been urged to assist by using distribution data from herbarium resources to assess threatened plant species (Callmander et al., 2005) . Herbarium data in combination with a geographical information system (GIS) can be useful for assessments based on certain criteria, although one must be aware of the possible limitations (Willis et al., 2003) .
Most European and North American countries have their flora and its conservation status well-documented through regularly updated Red Data lists (Strahm, 2003) . For tropical countries, which are much richer in biodiversity but poorer in economic resources, such assessments remain scarce. Some exceptions are the recent Red Data lists of endemic plant species for Ecuador and Peru, completed through collaborations between local and international taxonomists (Valencia et al., 2000; León et al., 2006) .
Access to and sharing of information, which are essential for plant conservation research (Gaikwad & Chavan, 2006) , are often lacking. Developing countries can benefit from free access and data sharing but are often unaware of the range of resources available. With advances in information technology and data sharing being high on the international research agenda (Arzberger et al., 2004; Edwards, 2004) , the amount of freely accessible international biodiversity data that can be used to achieve plant conservation goals in developing countries is increasing.
The flora of Trinidad and Tobago, a 5,126 km 2 Caribbean twin island nation, is estimated to include 2,500 vascular plant species (Kenny et al., 1997) . Both islands lie on the South American Continental Shelf. Tobago was separated from the South American continent c. 13,000 years ago, and Trinidad possibly only 1,500 years ago (Van der Hammen, 1974; Rohr, 1991) .
Although the country's flora is well documented, there is little information available on the conservation status of the vascular plants (Environmental Management Authority, 2001 ). The 2007 IUCN Red Data List includes only seven species from Trinidad and Tobago. Swietenia mahagoni is categorized as Endangered, Bactris setulosa and Solanum tobagense as Near Threatened, Ficus amazonica, Pradosia grisebachii and Pterocarpus santalinoides as Least Concern (this latter category indicates that the species have been assessed and found not to be currently in any danger of extinction), and Podocarpus trinitensis, which is endemic to Trinidad, as Data Deficient (IUCN, 2007) .
Conservation of endemic species is deemed a priority for each country signatory to the Convention on Biological Diversity. The number of endemic plants in a country provides a good surrogate for the number of threatened plants of global importance (Pitman & Jørgensen, 2002) but no accurate working list of endemic vascular plant species exists for Trinidad and Tobago. In the Flora of Trinidad and Tobago (Williams et al., 1928 (Williams et al., -1992 c. 160 plant species are described as endemic. This excludes plant families not incorporated in the Flora (Arecaceae, Podocarpaceae and Poaceae). Adams & Baksh (1981) stated that 215 plant species are endemic, without providing a species list. A list compiled by consultants for an FAO report mentions 85 endemic plant species (MALMR, 1995) but contains inaccuracies. The 2001 The -2002 State of the Environment Report (Agard & Gowrie, 2003) estimates that 91 plant species are endemic, without providing species names.
Here we review which vascular plant species are endemic to Trinidad and Tobago and assess their conservation status. We do this in a way that is feasible and accessible for any resource-poor nation by using free access internet resources and local herbarium data. Based on this we describe specific actions for conservation of the resulting list of endemic species.
Methods
A base list of potentially endemic plant species was drawn up from secondary sources (Williams et al., 1928 (Williams et al., -1992 Sleumer, 1980; Panter, 1981; MALMR, 1995; Wasshausen, 1995; Wasshausen & McClellan, 1995) . Geographical distribution, existing herbarium specimens, collection dates and sites, taxonomic synonymy and possible name changes of these species were reviewed using free access internet electronic databases (Boggan et al., 1997; Royal Botanic Gardens Kew, 2002; International Legume Database and Information Service, 2005; Skog & Boggan, 2005 ; The Board of Trustees of the Royal Botanic Gardens Kew, 2006a, b; Missouri Botanical Garden, 2006; The New York Botanical Garden, 2006) . The same sources were also consulted for potential additional endemic species. From this review a species on the base list was either confirmed as not endemic to Trinidad and Tobago or marked for further verification.
For the latter group, additional collection localities for each species were obtained from herbarium specimens held in the Trinidad and Tobago National Herbarium (TRIN). Taxonomists were located using the online search engine Google (2006) and were asked by e-mail for advice and information on species distribution, synonymy and endemism. Of 30 people contacted, 26 provided information.
The global conservation status of each species on our final list of endemic plant species was assessed using the IUCN Red List criteria v. 3.1 (IUCN, 2001) . Assessments were based primarily on geographic range in the form of extent of occurrence (EOO) or area of occupancy (AOO), the number of collection localities for a species (available from herbarium specimens), and observed, inferred or projected decline in EOO or AOO or habitat quality. EOO and AOO were calculated following the methods of Willis et al. (2003) , using the GIS ArcView v. 3.2 (ESRI, Redlands, USA) and a freely available GIS base map (Bletter et al., 2006) with coordinates generated from herbarium specimen collection localities. The grid cell size used for AOO calculations was based on the Kew algorithm (cell side 5 10% of the distance between furthest collection localities; Willis et al., 2003) . Geographical co-ordinates of collection localities were generated using 1 : 25,000 topographic maps and GIS layers derived from them. A vegetation formation GIS map layer (World Conservation Monitoring Centre, 1996; only available for Trinidad), a GIS gazetteer layer of place names for Trinidad and Tobago (United States Board on Geographic Names, 2006) and a land use GIS layer (Ramlal, unpubl. data) were also used. Uncertainty was inherent in the generation of co-ordinates for localities given on linear features (roads or rivers) but this uncertainty did not affect the AOO or EOO so as to change the conservation status of a species (assessed by calculating minimum and maximum values for AOO and EOO).
Inferred or projected decline of a species was based on existing land use patterns, occurrence in or absence from protected areas and forest reserves, the management and security of these areas (based on our personal knowledge), and inferred climate change effects for species restricted to high altitude habitats. This review and assessment required an approximate input of 105 person hours: 60 hours species review and database consultation, 10 hours herbarium consultation, 20 hours geo-referencing, 10 hours GIS analyses, and 5 hours of conservation assessments.
Results
Starting from a base list of 222 potentially endemic plant species, 158 (71%) were found not to be endemic and thus eliminated after consulting internet resources containing detailed taxonomic and distributional information. Through soliciting expert taxonomic opinion, another 16 species were found not to be endemic, 23 were positively confirmed to be endemic and 3 species were added to the base list. Further in depth revision of the internet sources confirmed another 25 species as endemic. For eight species no positive confirmation of endemism or non-endemism could be obtained. Because they were considered to be endemic at the time of publishing of the relevant Flora of Trinidad and Tobago fascicle, they remain included in the list of endemic species.
In total we thus found 59 vascular plant species to be endemic to Trinidad and Tobago (Table 1) : six occur on Table 1) . Only extensive field research will determine whether these species are still extant or whether they are simply rare. Various species in the list have never been reviewed by taxonomists at a regional level. They could be synonymous to plant species found elsewhere but until such revisions prove otherwise, these species should continue to be considered endemic. The current number of known endemic plant species is thus significantly lower than previously stated numbers, and could be lower still, possibly as low as 40 species. Plant endemism on Trinidad and Tobago was found to be concentrated in three main localities (Fig. 1): ridge tops of the Northern Range in Trinidad (18 species), edaphic savannahs of northern Trinidad (6 species), and the Main Ridge in Tobago (11 species). Of the 59 endemic plant species, 18 were found to be Critically Endangered, 16 Endangered, 15 Vulnerable, three Near Threatened, and four were assessed as species of Least Concern (Tables 1-2 ).
Three species were categorized as Data Deficient because they could not be assessed from currently available data or had vague collection locality data.
Discussion
Research institutes that use information technology to catalogue and distribute information online promote the advancement of knowledge at a global scale. Using such free-access online resources, and advice offered freely by taxonomy experts, a review of the endemic vascular plant species of Trinidad and Tobago and an assessment of their conservation status was carried out in a relatively short time and without significant cost. This in turn has been made freely available online ( Van den Eynden, 2006) . Such rapid evaluation of conservation status cannot replace the need for in depth field-based monitoring and assessment but it provides valuable baseline information for the identification and targeting of specific conservation and research needs. The methods used can be applied by most countries for initial assessments of plant extinction risks. Lack of resources or research data is no longer an argument not to do so. Table 1 ) in Trinidad (main map) and Tobago (inset), and the locations of protected areas. F.R., Forest Reserve.
FIG. 1 Geographical distribution of endemic plant species (see
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Relying solely on herbarium data may under-or overestimate the conservation risk if collection data do not truly represent species distribution. Herbarium data used in this assessment span over a century, and locality data from older collections may no longer represent a species' range. However, we balanced this uncertainty with our field knowledge of localities. Herbarium collections in the country tend to be biased towards areas accessible by road, forest areas and protected areas, and relatively fewer collections exist for Tobago. There may also be relative under-collection of small herbaceous species compared to tree and shrub species. Both factors may cause overestimation of extinction risk. Using the range criterion almost exclusively may not take account of species that are secure and with a naturally small range or species in the process of going extinct because their habitat has been destroyed or fragmented beyond a critical level.
This review shows that in Trinidad and Tobago , 3% of all vascular plant species are endemic. Many species previously perceived as endemic were found not to be so. Increased plant collecting in neighbouring continental areas and taxonomic reviews at a regional level show many species to be synonymous to those on the South American mainland. The length of time Trinidad and Tobago have been separated from the mainland is too short for island endemism to have developed to the same extent as on an oceanic island such as Jamaica (MacArthur, 1972) . The true number of endemics will probably be found to be lower still when further regional taxonomic reviews are carried out.
Using current IUCN criteria 58% of the 59 endemic species were categorized as Endangered or Critically Endangered. These must be considered as priority species for conservation, and further research of their population status is urgently needed. The 22 species not collected for several decades or known only from type collections are priority species for assessment of distribution and population status, and urgently need to be relocated in their respective locations. In addition, all species should be surveyed for presence in protected areas and should be inventoried in any environmental impact assessments.
This review also provides information for policy makers in terms of protected area management. The gazetted protected area network of Trinidad and Tobago encompasses 56% of all endemic vascular plant species, with 23 species not represented in the network (Table 2, Fig. 1 ) and 60% of Critically Endangered and 38% of Endangered species not safeguarded in protected areas. Six Critically Endangered and six Endangered species would be protected by a new protected area containing the Heights of Aripo on Trinidad and two Endangered species require a protected area of dry deciduous forest. In situ conservation may not be appropriate for high altitude ridge top species under threat from global climate change, and ex situ conservation should be pursued as a precaution. Ten endemic species not present in protected areas are likely to occur in them as they are found in close proximity to or in habitats represented in protected areas. However, many areas are only protected on paper, especially protected areas near population centres. Most Forest Reserves are used for selective timber extraction and some, such as the Central Range Forest Reserve, have been largely converted to exotic timber plantations.
The protected areas critical for the conservation of endemic plant species are the Main Ridge Forest Reserve, the Aripo Savannah Scientific Reserve, and the Northern Range Forest Reserve (parts A, B and C). The Main Ridge Forest Reserve in Tobago is considered to be relatively secure from human and environmental change pressures at present, although its small size makes it vulnerable to fire or hurricane damage. The Aripo Savannah Scientific Reserve (part of Long Stretch Reserve) is the only protected natural savannah habitat in Trinidad. It is, however, not adequately protected and human development continues to encroach on the area. Future plans to create a major population centre on the boundaries of the reserve increase the threat of degradation and conversion to residential land use. The fact that it harbours six endemic plants restricted to this habitat indicates the urgent need to protect this area effectively. In the Northern Range Forest Reserve the potential impacts of climate change on ridge top vegetation communities is a cause of concern for endemics restricted to this habitat. This reserve is open to extractive use of timber, game animals, non-timber forest products and, potentially, limestone quarrying. The Northern Range Forest Reserve and the recently declared Matura National Park Environmentally Sensitive Area (part of Matura Forest Reserve Eastern Extension and St David Forest Reserve) are the only protected areas for the Northern Range's ridges, containing 15 endemic species. A recent vegetation survey in Matura National Park recorded only seven of the Northern Range endemic species within the Park's boundaries ( Van den Eynden et al., 2007) . The Heights of Aripo, where 12 endemic species were collected in the Northern Range, is currently not protected, indicating the urgent need to do so. Endemic plants of Trinidad and Tobago All conservation assessments with detailed supporting evidence are being submitted to IUCN for inclusion in the IUCN Red List. Since this work was completed the Aripo Savannah Scientific Reserve has been declared an Environmentally Sensitive Area, the highest level of protected area status currently existing in the country. Funds have been provided by the government to investigate the status of endemic plants found in the reserve. An extensive botanical survey to monitor habitat and species distribution by Oxford University, UK, and the National Herbarium of Trinidad and Tobago, funded under the UK Darwin Initiative, will be completed in 2008 and should provide details of more localities of endemic plant species to update the list presented here.
